and in argininosuccinic aciduria due to argininosuccinate lyase deficiency (Westall, 1960) . Primary arginase deficiency has not been described; but competitive inhibition of this enzyme by lysine has been postulated to Received July 24, 1968. explain the high blood ammonia levels in congenital lysine intolerance (Colombo et al., 1964) . Rett (1966) has reported hyperammonaemia in a group of 21 mentally retarded girls, but the cause of the high blood ammonia in these patients is unknown. This paper describes a further instance of hyperanimonaemia due to orithine transcarbamylase deficiency. This case demonstrates somepreviously undescribed clinical features and a favourable response to dietary protein restriction. However, a fatal outcome associated with ammonia intoxication followed laparotomy and liver biopsy.
Case Report First admission. The patient (Fig. 2) , a Caucasian female infant, was referred at 10 months of age for investigation of vomiting, irritability, and slow development. She was the first child of unrelated Australian parents and was conceived after several years of infertility. The pregnancy was normal except for possible rubella contact at 3 months' gestation. No abnormalities were noted during labour, delivery, or in the neonatal period. Birthweight was 3*25 kg. Physical growth and motor milestones were considered normal until she was 7 months of age, but in retrospect smiling, noted at approximately 3 months, was delayed. Though somewhat floppy, she sat alone at 7 months and weighed 8 -28 kg. At this time she was weaned from the breast and given a variety of milk feedings. Thereafter her mother noticed increased irritability, floppiness, decreased alertness, frequent vomiting, and failure to gain weight.
At At necropsy the liver weighed 485 g. (normal approximately 300 g.). Microscopically the appearances were similar to those seen at biopsy, though fatty change was more prominent and glycogen accummulation less. The pituitary gland was recently infarcted. The brain weighed 1265 g. (normal approximately 950 g.), was extremely soft, and showed evidence of tentorial coning. Neurones of the cerebral cortex and basal ganglia showed chromatolysis. Many astrocytic nuclei were mildly enlarged (12-15 ,u in diameter) and vacuolated. There was lysis of neurones of the cerebellar internal granular layer, and Purkinje and dentate neurones showed chromatolysis. No other significant abnormality was seen at necropsy.
Enzyme Studies Activities of the urea cycle enzymes were measured on samples of liver and skin from the patient and a sample of liver from a control child. The control sample was obtained within an hour of death from an infant without liver disease. The liver specimens were extracted with 0-1% (W/V) cetyltrimethylammonium bromide, and enzymes were assayed in the extract by methods similar to those described by Brown and Cohen (1959) . However, during preliminary studies, it was found that dilution of the extract, as recommended by Brown and Cohen, for assay of ornithine transcarbamylase and arginase led to considerable loss of enzyme activity. Therefore instead of using diluted extract, small volumes (10 to 100 pl.) of undiluted extract were introduced into the assay system by an Agla syringe. At least two samples of different volume were used for assay of each enzyme so that the amount of product to be estimated fell within the range of the method. Citrulline and urea were measured by the methods of Archibald (1944 Archibald ( , 1945 . Each enzyme was assayed at its optimum pH, and, where this differs markedly from the average physiological value (pH 7*4), the enzyme activities recorded are probably higher than under physiological conditions. This difference has been shown to be most marked with arginase but also exists with ornithine transcarbamylase.
Results are shown in the being less than 4% of the control. Carbamyl phosphate synthetase was reduced to less than 40% of the control. This assay depends on complete conversion of carbamyl phosphate produced to citrulline by ornithine transcarbamylase normally present in excess.
As the patient's liver was deficient in ornithine transcarbamylase, partially purified enzyme from rat liver was added. In the absence of this supplement the apparent activity of carbamyl phosphate synthetase was reduced by a further one-third. Argininosuccinate synthetase and argininosuccinate lyase activities were also lower in the patient than in the control; arginase was slightly higher in the liver of the patient. In the patient's skin slight arginase activity was evident; activity of other enzymes of the urea cycle could not be shown.
Discussion
The evidence strongly suggests that this patient's illness resulted from hyperammonaemia due to deficiency of ornithine transcarbamylase, an enzyme of the urea cycle. The clinical and laboratory findings closely resemble those described by Russell et al. (1962) . Certain aspects of the clinical course, ancillary investigations, treatment, and prognosis warrant further discussion.
Clinical features. Diagnosis of ammonia intoxication was first suspected when an association between severity of symptoms and protein content of the diet was appreciated. For the first six months when fed breast milk (protein content approximately 1 * 5 g./100 ml.) her development was relatively normal. After weaning and introduction of cows' milk of higher protein content (approximately 3-5 g./100 ml.) the clinical features of vomiting, irritability, floppiness, failure to thrive, and delay in milestones developed. Eventually introduction of a high protein diet led to further irritability, weight loss, hepatomegaly, and coma. When this diet was replaced by intravenous fluids during the period of coma she showed general improvement and this was maintained on a low protein diet.
Once suspected on clinical grounds, hyperammonaemia was confirmed, and the degree of increase in the blood ammonia is in itself noteworthy (Fig. 3) . The initial values of 430 and 730 ,ug./ 100 ml. are higher than levels usually seen in hyperammonaemia due to hepatic failure and portosystemic encephalopathy. In the terminal episode after liver biopsy even greater increases occurred. Russell et al. (1962) also noted this extreme increase in blood ammonia. Though liver enlargement was present, relatively normal liver function tests suggested that hyperammonaemia in the present patient was not due to generalized liver disease. Enlargement of the liver has been reported in some cases of argininosuccinic aciduria (Efron, 1966) and in citrullinaemia (McMurray et al., 1963) , and Freeman et al. (1964) Multifocal convulsive twitching was present in both episodes of coma. Though generalized convulsions have been reported in citrullinaemia, they were not described in the previously reported patients with ornithine transcarbamylase or carbamyl phosphate synthetase deficiency. However, Rett (1966) noted convulsions in 15 of the 21 patients he described with hyperammonaemia.
Convulsions are not a feature of hyperammonaemia associated with liver failure and in the present case may be related to the very rapid rise in blood ammonia, or, alternatively, may reflect a different response in the immature brain. A more detailed discussion of features of special neurological interest, including serial electroencephalography and findings at pneumoencephalography, is presented elsewhere (Hopkins et al., 1968) .
A most important clinical feature was the extreme vulnerability to a relatively minor surgical procedure. It appears that protein katabolism after surgery and anaesthesia was the basis for the profound hyperammonaemia that ensued. Case A of Russell et al. (1962) NH:i + glutamate-*glutamine However, on storage, glutamine tends to be converted to glutamic acid, and this may account for some of the increase in glutamic acid seen in the pretreatment serum and urine samples.
In some inborn errors of metabolism easily accessible tissues (blood, skin) can be used for enzyme analysis in diagnosis. Hadorn et al. (1967) studied amino acid levels in sweat from all parts of the body, and found a constant pattern except for amino acids of the urea cycle. This led them to support the suggestion of a urea cycle in sweat glands. As a sample of sweat from the present patient appeared to contain less citrulline than normal, assay of urea cycle enzymes on a skin biopsy was attempted. However, except for a very low arginase level no activities were demonstrated.
Treatment. Considerable improvement followed intravenous therapy and coincidental protein restriction during the first episode of coma, and this continued when a diet adequate in calories but restricted in protein was introduced. A short course of oral neomycin was given initially but was found unnecessary to control the blood ammonia level. The relatively dramatic improvement in neurological and mental deficits, which followed the low protein diet, contrasted with the situation seen in certain other metabolic disorders.
In spite of the gratifying response to the treatment of chronic ammonia intoxication, measures used in the terminal episode (gut sterilization, adequate hydration, anabolic steroids) had little effect while the patient was in the phase of postoperative protein katabolism. Peritoneal dialysis was effective in lowering the blood ammonia; however, the clinical response was short lived and hypoproteinaemia and oedema developed. Thus, though a promising temporary measure, further experience is required with peritoneal dialysis to assess its value in the treatment of hyperammonaemia. It is possible that earlier intervention with peritoneal dialysis might have been more successful. In the presence of ornithine transcarbamylase deficiency, it is possible that ammonia intoxication may be relieved by administration of citrulline. Under these conditions the ammonia produced from protein katabolism may follow the following pathway:
NH3-'q lutamate -a spartate >-4-arqinine --*urea + ornithine c itrulline
It could be predicted that the administration of citrulline would lead to the accumulation of ornithine (mole for mole). The value of the treatment would thus depend on the relative toxicities of ammonia and ornithine. Such treatment was contemplated in the post-operative period but the patient died before it could be attempted. Other suggested means for controlling the ammonia levels in patients with hyperammonaemia are discussed by Levin and Russell (1967) .
Prognosis. The encouraging response that followed dietary protein restriction in our patient suggests that reversal of motor and mental retardation can occur in hyperammonaemia, even when diagnosis is delayed. However, reports of other retarded patients with hyperammonaemia due to urea cycle defects are not so encouraging and more information is required. The long-term prognosis appears to be influenced by the potential susceptibility of these patients to stress, and it seems wise to avoid surgical procedures where possible and to guard against infection.
Summary
A case of hyperammonaemia in a female infant is described. Vomiting, irritability, regression in milestones, hypotonia, and hepatomegaly developed after weaning and introductioa of a diet of higher protein content. Further imcrease in dietary protein to combat weight loss led to coma and convulsions. Once recognized, the hyperammonaemia responded to protein restriction and the patient showed clinical and neurological improvement. Assay of urea cycle enzymes on a liver sample, obtained at laparotomy under general anaesthesia, showed reduced ornithine transcarbamylase activity to 40 of that in a control sample. However, after operation, severe hyperammonaemia ensued and, despite temporary improvement with peritoneal dialysis, death occurred 5 days later. Thus, though some of the neurological features of hyperammonaemia appear to be reversible, prognosis should be guarded because of risk of severe hyperammonaemia in periods of protein katabolism.
